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Abstract 
In this research, the effects of varying the reactive gas ratio during insulator deposition of MIM junctions have been observed and studied. 
Junctions with 100x100 μm area have been realized using Ni-NiO-Cr electrodes for Rectenna application. The electrical properties of the tunnel 
junctions exhibited improved tunneling response with reduced O2 gas ratio. It is theorized that a surplus of O2 ions facilitates tunneling, as does a 
deficiency of O2 ions due to charge transport by ions or vacancies. The devices fabricated with 1:1 and 1:3 gas ratios both exhibited high electrical 
responses with the latter exhibiting higher, while 1:2 exhibited the lowest response, suggesting that an increased or decreased density of traps within 
the barrier results in changes in the tunneling current. The dependence of voltage linearity on trap-densities within a dielectric has been shown and 
is discussed in this article.  
© 2010 Published by Elsevier Ltd. 
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1. Introduction  
Metal-Insulator-Metal (MIM) tunnel junctions are becoming increasingly attractive devices for high frequency diodes and infrared 
detectors due to their fast switching capability [1]. The critical factors that aid the fast switching nature are (a) the thickness of the 
insulator and (b) the interface condition [2-3]. The primary objective of this work is to manufacture high frequency tunnel junctions 
for direct energy conversion for Rectenna application. In order to facilitate energy conversion, the insulator layer of the MIM 
junctions needs to be thin (~1-3nm) and homogenous. Numerous studies have been done on the characterization of MIM junction 
based on the insulator thickness and metal contact area [4]. However, the effect of varying the insulator deposition condition on the 
working of MIM diode is yet to be determined. In this study, the tunneling barrier, Nickel Oxide, was deposited under different 
Ar:O2 gas concentration to quantify the effect of deposition condition on the electrical characteristics of the tunnel junction. Thus by 
using the deposition conditions as the control parameter, the electrical behavior and the nature of the insulator layer was determined.  
2. Experimental 
MIM junctions are typically fabricated with a stepped or a stacked structure as discussed by Krishnan et al [4]. A stepped structure 
is rather advantageous due to the ability to include external contact pads for testing purposes. However, a stepped structure causes an 
increase in contact area due to sidewalls, which reduces the operational frequency of the tunnel junction. In this research a novel 
design using a spacer layer is introduced avoid the insulator sidewall contact. A cross-sectional schematic illustration of the MIM 
junction with a tri-layer structure is shown in Figure 1. Initially, the contact pads were patterned on a Si substrate using 
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Figure 1 Cross-sectional view of the MIM tunnel junction
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     Figure 5 XRD spectrum of film C          Figure 6 I-V response of substrate A 
3.2 Electrical Characterization 
Figures 6-8 show the I-V responses of the devices in substrates A, B and C. A thick metal layer for the contact pads is desired to 
avoid puncturing of the electrodes during probing and also to avoid influence of the bottom Si substrate on the measurements. Ten 
consecutive measurements were performed on the device on each substrate to prevent inaccurate measurements due to surface or 
trapped charges. As can be seen, figures 6 and 8 show similar current outputs. Substrate A exhibits around 15μA at 600m and 
substrate C exhibits twice as much. It can be inferred that along with thermionic tunnelling and F-N tunnelling, insulator layers with 
excess of O2 and those with deficient O2 also facilitate tunnelling. Excess O2 ions in the insulator act as defects which release a higher 
number of electrons as the induced electric field increases. An O2 deficient insulator contains traps where trap assisted tunnelling 
takes place and electrons tunnel or hop from one trap to another. A disadvantage of insulators with excess O2 is that the films are 
highly stressed and thus delaminate after a period of time. Substrate B exhibits the least amount of current output which suggests that 
the balanced stoichiometry of the insulator does not favour any kind of trap assisted tunnelling and the current observed is purely due 
to thermionic and F-N tunnelling. The insulator fabricated with O2 deficiencies is least stressed and physically more stable. 
          
  
Figure 7 I-V response of substrate B                          Figure 8 I-V response of substrate C  
4. Conclusion 
Ni-NiO-Cr MIM tunnel junction devices have been fabricated where the insulator layer has varying oxygen concentrations. 
Excess of oxygen ions in the insulator leads to higher tunneling currents as does a deficiency of it although higher oxygen content 
leads to highly stressed films which are physically unstable. Insulator films with a balanced stoichiometry exhibit pure thermal 
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assisted and F-N tunneling albeit the tunneling current is very low. It can be concluded that for high frequency switching devices that 
need a higher drive in current, a defect induced insulator layer is favorable in MIM tunnel junctions.
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